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(57) ABSTRACT

A method for decoding a video according to the present
invention may comprise: deriving a spatial merge candidate
for a current block, generating a merge candidate list for the
current block based on the spatial merge candidate, obtain-
ing motion information for the current block based on the
merge candidate list, and performing motion compensation
for the current block using the motion information. Herein,
if the current block does not have a pre-defined shape or
does not have a size equal to or greater than a pre-defined

CPC ......... HO4N 19/159 (2014.11); HO4N 19/103 size, the spatial merge candidate of the current block is
(2014.11); HO4N 19/105 (2014.11); derived based on a block having the pre-defined shape or
(Continued) (Continued)

[ 3
Black | Block 1 if——. T
:;\0 iim«;k @i Bnck ¢
L L)
|
1
B4 B1|B2] i o
L A c1] et cz]
P 1 i =
I 1t i
i i |
; I Ii I
Blook 21 Block 3 Bloek 4 é ! }; }
ST o | O RS ORI
| 1 i i
1 B i
} ] il i
5 3 b i ]
1 { RS A
B &




US 11,503,305 B2
Page 2

having a size equal to or greater than the pre-defined size, the
block comprising the current block.

3 Claims, 11 Drawing Sheets
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METHOD AND APPARATUS FOR
PROCESSING VIDEO SIGNAL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage Patent Application of
PCT International Patent Application No. PCT/KR2017/
008415 (filed on Aug. 3, 2017) under 35 U.S.C. § 371, which
claims priority to Korean Patent Application No. 10-2016-
0099177 (filed on Aug. 3, 2016), the teachings of which are
incorporated herein in their entireties by reference.

TECHNICAL FIELD

The present invention relates to a method and an appa-
ratus for processing video signal.

BACKGROUND ART

Recently, demands for high-resolution and high-quality
images such as high definition (HD) images and ultra-high
definition (UHD) images have increased in various applica-
tion fields. However, higher resolution and quality image
data has increasing amounts of data in comparison with
conventional image data. Therefore, when transmitting
image data by using a medium such as conventional wired
and wireless broadband networks, or when storing image
data by using a conventional storage medium, costs of
transmitting and storing increase. In order to solve these
problems occurring with an increase in resolution and qual-
ity of image data, high-efficiency image encoding/decoding
techniques may be utilized.

Image compression technology includes various tech-
niques, including: an inter-prediction technique of predict-
ing a pixel value included in a current picture from a
previous or subsequent picture of the current picture; an
intra-prediction technique of predicting a pixel value
included in a current picture by using pixel information in
the current picture; an entropy encoding technique of assign-
ing a short code to a value with a high appearance frequency
and assigning a long code to a value with a low appearance
frequency; etc. Image data may be effectively compressed
by using such image compression technology, and may be
transmitted or stored.

In the meantime, with demands for high-resolution
images, demands for stereographic image content, which is
a new image service, have also increased. A video compres-
sion technique for effectively providing stereographic image
content with high resolution and ultra-high resolution is
being discussed.

DISCLOSURE

Technical Problem

An object of the present invention is to provide a method
and an apparatus for efficiently performing inter prediction
for an encoding/decoding target block in encoding/decoding
a video signal.

An object of the present invention is to provide a method
and an apparatus for deriving a merge candidate based on a
block having a pre-determined shape or a pre-determined
size in encoding/decoding a video signal.

An object of the present invention is to provide a method
and an apparatus for performing a merge in parallel in a unit
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2

of a pre-determined shape or a pre-determined size in
encoding/decoding a video signal.

The technical objects to be achieved by the present
invention are not limited to the above-mentioned technical
problems. And, other technical problems that are not men-
tioned will be apparently understood to those skilled in the
art from the following description.

Technical Solution

A method and an apparatus for decoding a video signal
according to the present invention may derive a spatial
merge candidate for a current block, generate a merge
candidate list for the current block based on the spatial
merge candidate, obtain motion information for the current
block based on the merge candidate list, and perform motion
compensation for the current block using the motion infor-
mation.

A method and an apparatus for encoding a video signal
according to the present invention may derive a spatial
merge candidate for a current block, generate a merge
candidate list for the current block based on the spatial
merge candidate, obtain motion information for the current
block based on the merge candidate list, and perform motion
compensation for the current block using the motion infor-
mation.

In the method and the apparatus for encoding/decoding a
video signal according to the present invention, if the current
block does not have a pre-defined shape or does not have a
size equal to or greater than a pre-defined size, the spatial
merge candidate of the current block may be derived based
on a block having the pre-defined shape or having a size
equal to or greater than the pre-defined size, the block
comprising the current block.

In the method and the apparatus for encoding/decoding a
video signal according to the present invention, the pre-
defined shape may be a square shape.

In the method and the apparatus for encoding/decoding a
video signal according to the present invention, the current
block may have a same spatial merge candidate as a neigh-
boring block included in the block of the square shape with
the current block.

In the method and the apparatus for encoding/decoding a
video signal according to the present invention, if the current
block and the spatial merge candidate are included in a same
merge estimation region, the spatial merge candidate may be
determined to be unavailable.

In the method and the apparatus for encoding/decoding a
video signal according to the present invention, the merge
estimation region may have a square shape or a non-square
shape.

In the method and the apparatus for encoding/decoding a
video signal according to the present invention, if the merge
estimation region has the non-square shape, a number of
candidate shapes of merge candidates that the merge esti-
mation region is able to have may be restricted by a
pre-defined number.

The features briefly summarized above for the present
invention are only illustrative aspects of the detailed descrip-
tion of the invention that follows, but do not limit the scope
of the invention.

Advantageous Effects
According to the present invention, an efficient inter

prediction may be performed for an encoding/decoding
target block.
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According to the present invention, a merge candidate
may be derived based on a block having a pre-determined
shape or a pre-determined size.

According to the present invention, a merge can be
performed in parallel in a unit of a pre-determined shape or
a pre-determined size.

According to the present invention, intra prediction for an
encoding/decoding target block may be performed by select-
ing at least one of a plurality of reference lines.

According to the present invention, a reference line may
be derived based on a block having a pre-determined shape
or having a size equal to or greater than a pre-determined
size.

According to the present invention, an intra filter may be
applied to at least one of a plurality of reference lines.

According to the present invention, an intra prediction
mode or a number of the intra prediction mode may be
adaptively determined according to a reference line used for
intra prediction of a current block.

The effects obtainable by the present invention are not
limited to the above-mentioned effects, and other effects not
mentioned can be clearly understood by those skilled in the
art from the description below.

DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a device for encod-
ing a video according to an embodiment of the present
invention.

FIG. 2 is a block diagram illustrating a device for decod-
ing a video according to an embodiment of the present
invention.

FIG. 3 is a diagram illustrating an example of hierarchi-
cally partitioning a coding block based on a tree structure
according to an embodiment of the present invention.

FIG. 4 is a diagram illustrating a partition type in which
binary tree-based partitioning is allowed according to an
embodiment of the present invention.

FIGS. 5A and 5B are diagrams illustrating an example in
which only a binary tree-based partition of a pre-determined
type is allowed according to an embodiment of the present
invention.

FIG. 6 is a diagram for explaining an example in which
information related to the allowable number of binary tree
partitioning is encoded/decoded, according to an embodi-
ment to which the present invention is applied.

FIG. 7 is a diagram illustrating a partition mode appli-
cable to a coding block according to an embodiment of the
present invention.

FIG. 8 is a flowchart illustrating an inter prediction
method according to an embodiment of the present inven-
tion.

FIG. 9 is a diagram illustrating a process of deriving
motion information of a current block when a merge mode
is applied to a current block.

FIG. 10 illustrates a process of deriving motion informa-
tion of a current block when an AMVP mode is applied to
the current block.

FIG. 11 is a diagram showing a spatial merge candidate of
a current block.

FIG. 12 is a diagram showing a co-located block of a
current block.

FIG. 13 is a diagram for explaining an example of
obtaining a motion vector of a temporal merge candidate by
scaling a motion vector of a co-located block.
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FIG. 14 is a diagram showing an example of deriving a
merge candidate of a non-square block on the basis of a
square block.

FIG. 15 is a diagram for explaining an example in which
a merge candidate of a binary-tree partitioned block is
derived based on an upper node block.

FIG. 16 is a diagram illustrating an example of determin-
ing availability of a spatial merge candidate according to a
merge estimation region.

FIG. 17 is a flowchart illustrating processes of obtaining
a residual sample according to an embodiment to which the
present invention is applied.

MODE FOR INVENTION

A variety of modifications may be made to the present
invention and there are various embodiments of the present
invention, examples of which will now be provided with
reference to drawings and described in detail. However, the
present invention is not limited thereto, and the exemplary
embodiments can be construed as including all modifica-
tions, equivalents, or substitutes in a technical concept and
a technical scope of the present invention. The similar
reference numerals refer to the similar element in described
the drawings.

Terms used in the specification, ‘first’, ‘second’, etc. can
be used to describe various components, but the components
are not to be construed as being limited to the terms. The
terms are only used to differentiate one component from
other components. For example, the ‘first’ component may
be named the ‘second’ component without departing from
the scope of the present invention, and the ‘second’ com-
ponent may also be similarly named the “first’ component.
The term ‘and/or’ includes a combination of a plurality of
items or any one of a plurality of terms.

It will be understood that when an element is simply
referred to as being ‘connected to” or ‘coupled to” another
element without being ‘directly connected to’ or ‘directly
coupled to’ another element in the present description, it
may be ‘directly connected to’ or ‘directly coupled to’
another element or be connected to or coupled to another
element, having the other element intervening therebetween.
In contrast, it should be understood that when an element is
referred to as being “directly coupled” or “directly con-
nected” to another element, there are no intervening ele-
ments present.

The terms used in the present specification are merely
used to describe particular embodiments, and are not
intended to limit the present invention. An expression used
in the singular encompasses the expression of the plural,
unless it has a clearly different meaning in the context. In the
present specification, it is to be understood that terms such
as “including”, “having”, etc. are intended to indicate the
existence of the features, numbers, steps, actions, elements,
parts, or combinations thereof disclosed in the specification,
and are not intended to preclude the possibility that one or
more other features, numbers, steps, actions, elements, parts,
or combinations thereof may exist or may be added.

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. Hereinafter, the same constituent ele-
ments in the drawings are denoted by the same reference
numerals, and a repeated description of the same elements
will be omitted.

FIG. 1 is a block diagram illustrating a device for encod-
ing a video according to an embodiment of the present
invention.
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Referring to FIG. 1, the device 100 for encoding a video
may include: a picture partitioning module 110, prediction
modules 120 and 125, a transform module 130, a quantiza-
tion module 135, a rearrangement module 160, an entropy
encoding module 165, an inverse quantization module 140,
an inverse transform module 145, a filter module 150, and a
memory 155.

The constitutional parts shown in FIG. 1 are indepen-
dently shown so as to represent characteristic functions
different from each other in the device for encoding a video.
Thus, it does not mean that each constitutional part is
constituted in a constitutional unit of separated hardware or
software. In other words, each constitutional part includes
each of enumerated constitutional parts for convenience.
Thus, at least two constitutional parts of each constitutional
part may be combined to form one constitutional part or one
constitutional part may be divided into a plurality of con-
stitutional parts to perform each function. The embodiment
where each constitutional part is combined and the embodi-
ment where one constitutional part is divided are also
included in the scope of the present invention, if not depart-
ing from the essence of the present invention.

Also, some of constituents may not be indispensable
constituents performing essential functions of the present
invention but be selective constituents improving only per-
formance thereof. The present invention may be imple-
mented by including only the indispensable constitutional
parts for implementing the essence of the present invention
except the constituents used in improving performance. The
structure including only the indispensable constituents
except the selective constituents used in improving only
performance is also included in the scope of the present
invention.

The picture partitioning module 110 may partition an
input picture into one or more processing units. Here, the
processing unit may be a prediction unit (PU), a transform
unit (TU), or a coding unit (CU). The picture partitioning
module 110 may partition one picture into combinations of
multiple coding units, prediction units, and transform units,
and may encode a picture by selecting one combination of
coding units, prediction units, and transform units with a
predetermined criterion (e.g., cost function).

For example, one picture may be partitioned into multiple
coding units. A recursive tree structure, such as a quad tree
structure, may be used to partition a picture into coding
units. A coding unit which is partitioned into other coding
units with one picture or a largest coding unit as a root may
be partitioned with child nodes corresponding to the number
of partitioned coding units. A coding unit which is no longer
partitioned by a predetermined limitation serves as a leaf
node. That is, when it is assumed that only square partition-
ing is possible for one coding unit, one coding unit may be
partitioned into four other coding units at most.

Hereinafter, in the embodiment of the present invention,
the coding unit may mean a unit performing encoding, or a
unit performing decoding.

A prediction unit may be one of partitions partitioned into
a square or a rectangular shape having the same size in a
single coding unit, or a prediction unit may be one of
partitions partitioned so as to have a different shape/size in
a single coding unit.

When a prediction unit subjected to intra prediction is
generated based on a coding unit and the coding unit is not
the smallest coding unit, intra prediction may be performed
without partitioning the coding unit into multiple prediction
units NxN.
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The prediction modules 120 and 125 may include an inter
prediction module 120 performing inter prediction and an
intra prediction module 125 performing intra prediction.
Whether to perform inter prediction or intra prediction for
the prediction unit may be determined, and detailed infor-
mation (e.g., an intra prediction mode, a motion vector, a
reference picture, etc.) according to each prediction method
may be determined. Here, the processing unit subjected to
prediction may be different from the processing unit for
which the prediction method and detailed content is deter-
mined. For example, the prediction method, the prediction
mode, etc. may be determined by the prediction unit, and
prediction may be performed by the transform unit. A
residual value (residual block) between the generated pre-
diction block and an original block may be input to the
transform module 130. Also, prediction mode information,
motion vector information, etc. used for prediction may be
encoded with the residual value by the entropy encoding
module 165 and may be transmitted to a device for decoding
a video. When a particular encoding mode is used, it is
possible to transmit to a device for decoding video by
encoding the original block as it is without generating the
prediction block through the prediction modules 120 and
125.

The inter prediction module 120 may predict the predic-
tion unit based on information of at least one of a previous
picture or a subsequent picture of the current picture, or may
predict the prediction unit based on information of some
encoded regions in the current picture, in some cases. The
inter prediction module 120 may include a reference picture
interpolation module, a motion prediction module, and a
motion compensation module.

The reference picture interpolation module may receive
reference picture information from the memory 155 and may
generate pixel information of an integer pixel or less then the
integer pixel from the reference picture. In the case of luma
pixels, an 8-tap DCT-based interpolation filter having dif-
ferent filter coeflicients may be used to generate pixel
information of an integer pixel or less than an integer pixel
in a unit of a ¥4 pixel. In the case of chroma signals, a 4-tap
DCT-based interpolation filter having different filter coeffi-
cient may be used to generate pixel information of an integer
pixel or less than an integer pixel in a unit of a % pixel.

The motion prediction module may perform motion pre-
diction based on the reference picture interpolated by the
reference picture interpolation module. As methods for
calculating a motion vector, various methods, such as a full
search-based block matching algorithm (FBMA), a three
step search (TSS), a new three-step search algorithm (NTS),
etc., may be used. The motion vector may have a motion
vector value in a unit of'a 2 pixel or a %4 pixel based on an
interpolated pixel. The motion prediction module may pre-
dict a current prediction unit by changing the motion pre-
diction method. As motion prediction methods, various
methods, such as a skip method, a merge method, an AMVP
(Advanced Motion Vector Prediction) method, an intra
block copy method, etc., may be used.

The intra prediction module 125 may generate a predic-
tion unit based on reference pixel information neighboring
to a current block which is pixel information in the current
picture. When the neighboring block of the current predic-
tion unit is a block subjected to inter prediction and thus a
reference pixel is a pixel subjected to inter prediction, the
reference pixel included in the block subjected to inter
prediction may be replaced with reference pixel information
of a neighboring block subjected to intra prediction. That is,
when a reference pixel is not available, at least one reference
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pixel of available reference pixels may be used instead of
unavailable reference pixel information.

Prediction modes in intra prediction may include a direc-
tional prediction mode using reference pixel information
depending on a prediction direction and a non-directional
prediction mode not using directional information in per-
forming prediction. A mode for predicting luma information
may be different from a mode for predicting chroma infor-
mation, and in order to predict the chroma information, intra
prediction mode information used to predict luma informa-
tion or predicted luma signal information may be utilized.

In performing intra prediction, when the size of the
prediction unit is the same as the size of the transform unit,
intra prediction may be performed on the prediction unit
based on pixels positioned at the left, the top left, and the top
of the prediction unit. However, in performing intra predic-
tion, when the size of the prediction unit is different from the
size of the transform unit, intra prediction may be performed
using a reference pixel based on the transform unit. Also,
intra prediction using NxN partitioning may be used for only
the smallest coding unit.

In the intra prediction method, a prediction block may be
generated after applying an AIS (Adaptive Intra Smoothing)
filter to a reference pixel depending on the prediction modes.
The type of the AIS filter applied to the reference pixel may
vary. In order to perform the intra prediction method, an
intra prediction mode of the current prediction unit may be
predicted from the intra prediction mode of the prediction
unit neighboring to the current prediction unit. In prediction
of'the prediction mode of the current prediction unit by using
mode information predicted from the neighboring prediction
unit, when the intra prediction mode of the current predic-
tion unit is the same as the intra prediction mode of the
neighboring prediction unit, information indicating that the
prediction modes of the current prediction unit and the
neighboring prediction unit are equal to each other may be
transmitted using predetermined flag information. When the
prediction mode of the current prediction unit is different
from the prediction mode of the neighboring prediction unit,
entropy encoding may be performed to encode prediction
mode information of the current block.

Also, a residual block including information on a residual
value which is a different between the prediction unit
subjected to prediction and the original block of the predic-
tion unit may be generated based on prediction units gen-
erated by the prediction modules 120 and 125. The gener-
ated residual block may be input to the transform module
130.

The transform module 130 may transform the residual
block including the information on the residual value
between the original block and the prediction unit generated
by the prediction modules 120 and 125 by using a transform
method, such as discrete cosine transform (DCT), discrete
sine transform (DST), and KLT. Whether to apply DCT,
DST, or KLT in order to transform the residual block may be
determined based on intra prediction mode information of
the prediction unit used to generate the residual block.

The quantization module 135 may quantize values trans-
formed to a frequency domain by the transform module 130.
Quantization coefficients may vary depending on the block
or importance of a picture. The values calculated by the
quantization module 135 may be provided to the inverse
quantization module 140 and the rearrangement module
160.

The rearrangement module 160 may rearrange coeffi-
cients of quantized residual values.
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The rearrangement module 160 may change a coefficient
in the form of a two-dimensional block into a coefficient in
the form of a one-dimensional vector through a coefficient
scanning method. For example, the rearrangement module
160 may scan from a DC coefficient to a coefficient in a high
frequency domain using a zigzag scanning method so as to
change the coefficients to be in the form of one-dimensional
vectors. Depending on the size of the transform unit and the
intra prediction mode, vertical direction scanning where
coefficients in the form of two-dimensional blocks are
scanned in the column direction or horizontal direction
scanning where coefficients in the form of two-dimensional
blocks are scanned in the row direction may be used instead
of zigzag scanning. That is, which scanning method among
zigzag scanning, vertical direction scanning, and horizontal
direction scanning is used may be determined depending on
the size of the transform unit and the intra prediction mode.

The entropy encoding module 165 may perform entropy
encoding based on the values calculated by the rearrange-
ment module 160. Entropy encoding may use various encod-
ing methods, for example, exponential Golomb coding,
context-adaptive variable length coding (CAVLC), and con-
text-adaptive binary arithmetic coding (CABAC).

The entropy encoding module 165 may encode a variety
of information, such as residual value coefficient informa-
tion and block type information of the coding unit, predic-
tion mode information, partition unit information, prediction
unit information, transform unit information, motion vector
information, reference frame information, block interpola-
tion information, filtering information, etc. from the rear-
rangement module 160 and the prediction modules 120 and
125.

The entropy encoding module 165 may entropy encode
the coefficients of the coding unit input from the rearrange-
ment module 160.

The inverse quantization module 140 may inversely quan-
tize the values quantized by the quantization module 135
and the inverse transform module 145 may inversely trans-
form the values transformed by the transform module 130.
The residual value generated by the inverse quantization
module 140 and the inverse transform module 145 may be
combined with the prediction unit predicted by a motion
estimation module, a motion compensation module, and the
intra prediction module of the prediction modules 120 and
125 such that a reconstructed block can be generated.

The filter module 150 may include at least one of a
deblocking filter, an offset correction unit, and an adaptive
loop filter (ALF).

The deblocking filter may remove block distortion that
occurs due to boundaries between the blocks in the recon-
structed picture. In order to determine whether to perform
deblocking, the pixels included in several rows or columns
in the block may be a basis of determining whether to apply
the deblocking filter to the current block. When the deblock-
ing filter is applied to the block, a strong filter or a weak filter
may be applied depending on required deblocking filtering
strength. Also, in applying the deblocking filter, horizontal
direction filtering and vertical direction filtering may be
processed in parallel.

The offset correction module may correct offset with the
original picture in a unit of a pixel in the picture subjected
to deblocking. In order to perform the offset correction on a
particular picture, it is possible to use a method of applying
offset in consideration of edge information of each pixel or
a method of partitioning pixels of a picture into the prede-
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termined number of regions, determining a region to be
subjected to perform offset, and applying the offset to the
determined region.

Adaptive loop filtering (ALF) may be performed based on
the value obtained by comparing the filtered reconstructed
picture and the original picture. The pixels included in the
picture may be divided into predetermined groups, a filter to
be applied to each of the groups may be determined, and
filtering may be individually performed for each group.
Information on whether to apply ALF and a luma signal may
be transmitted by coding units (CU). The shape and filter
coeflicient of a filter for ALF may vary depending on each
block. Also, the filter for ALF in the same shape (fixed
shape) may be applied regardless of characteristics of the
application target block.

The memory 155 may store the reconstructed block or
picture calculated through the filter module 150. The stored
reconstructed block or picture may be provided to the
prediction modules 120 and 125 in performing inter predic-
tion.

FIG. 2 is a block diagram illustrating a device for decod-
ing a video according to an embodiment of the present
invention.

Referring to FIG. 2, the device 200 for decoding a video
may include: an entropy decoding module 210, a rearrange-
ment module 215, an inverse quantization module 220, an
inverse transform module 225, prediction modules 230 and
235, a filter module 240, and a memory 245.

When a video bitstream is input from the device for
encoding a video, the input bitstream may be decoded
according to an inverse process of the device for encoding
a video.

The entropy decoding module 210 may perform entropy
decoding according to an inverse process of entropy encod-
ing by the entropy encoding module of the device for
encoding a video. For example, corresponding to the meth-
ods performed by the device for encoding a video, various
methods, such as exponential Golomb coding, context-
adaptive variable length coding (CAVLC), and context-
adaptive binary arithmetic coding (CABAC) may be
applied.

The entropy decoding module 210 may decode informa-
tion on intra prediction and inter prediction performed by the
device for encoding a video.

The rearrangement module 215 may perform rearrange-
ment on the bitstream entropy decoded by the entropy
decoding module 210 based on the rearrangement method
used in the device for encoding a video. The rearrangement
module may reconstruct and rearrange the coefficients in the
form of one-dimensional vectors to the coefficient in the
form of two-dimensional blocks. The rearrangement module
215 may receive information related to coefficient scanning
performed in the device for encoding a video and may
perform rearrangement via a method of inversely scanning
the coeflicients based on the scanning order performed in the
device for encoding a video.

The inverse quantization module 220 may perform
inverse quantization based on a quantization parameter
received from the device for encoding a video and the
rearranged coefficients of the block.

The inverse transform module 225 may perform the
inverse transform, i.e., inverse DCT, inverse DST, and
inverse KL'T, which is the inverse process of transform, i.e.,
DCT, DST, and KLT, performed by the transform module on
the quantization result by the device for encoding a video.
Inverse transform may be performed based on a transfer unit
determined by the device for encoding a video. The inverse
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transform module 225 of the device for decoding a video
may selectively perform transform schemes (e.g., DCT,
DST, and KLT) depending on multiple pieces of informa-
tion, such as the prediction method, the size of the current
block, the prediction direction, etc.

The prediction modules 230 and 235 may generate a
prediction block based on information on prediction block
generation received from the entropy decoding module 210
and previously decoded block or picture information
received from the memory 245.

As described above, like the operation of the device for
encoding a video, in performing intra prediction, when the
size of the prediction unit is the same as the size of the
transform unit, intra prediction may be performed on the
prediction unit based on the pixels positioned at the left, the
top left, and the top of the prediction unit. In performing
intra prediction, when the size of the prediction unit is
different from the size of the transform unit, intra prediction
may be performed using a reference pixel based on the
transform unit. Also, intra prediction using NxN partitioning
may be used for only the smallest coding unit.

The prediction modules 230 and 235 may include a
prediction unit determination module, an inter prediction
module, and an intra prediction module. The prediction unit
determination module may receive a variety of information,
such as prediction unit information, prediction mode infor-
mation of an intra prediction method, information on motion
prediction of an inter prediction method, etc. from the
entropy decoding module 210, may divide a current coding
unit into prediction units, and may determine whether inter
prediction or intra prediction is performed on the prediction
unit. By using information required in inter prediction of the
current prediction unit received from the device for encod-
ing a video, the inter prediction module 230 may perform
inter prediction on the current prediction unit based on
information of at least one of a previous picture or a
subsequent picture of the current picture including the
current prediction unit. Alternatively, inter prediction may
be performed based on information of some pre-recon-
structed regions in the current picture including the current
prediction unit.

In order to perform inter prediction, it may be determined
for the coding unit which of a skip mode, a merge mode, an
AMVP mode, and an inter block copy mode is used as the
motion prediction method of the prediction unit included in
the coding unit.

The intra prediction module 235 may generate a predic-
tion block based on pixel information in the current picture.
When the prediction unit is a prediction unit subjected to
intra prediction, intra prediction may be performed based on
intra prediction mode information of the prediction unit
received from the device for encoding a video. The intra
prediction module 235 may include an adaptive intra
smoothing (AIS) filter, a reference pixel interpolation mod-
ule, and a DC filter. The AIS filter performs filtering on the
reference pixel of the current block, and whether to apply the
filter may be determined depending on the prediction mode
of the current prediction unit. AIS filtering may be per-
formed on the reference pixel of the current block by using
the prediction mode of the prediction unit and AIS filter
information received from the device for encoding a video.
When the prediction mode of the current block is a mode
where AIS filtering is not performed, the AIS filter may not
be applied.

When the prediction mode of the prediction unit is a
prediction mode in which intra prediction is performed
based on the pixel value obtained by interpolating the
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reference pixel, the reference pixel interpolation module
may interpolate the reference pixel to generate the reference
pixel of an integer pixel or less than an integer pixel. When
the prediction mode of the current prediction unit is a
prediction mode in which a prediction block is generated
without interpolation the reference pixel, the reference pixel
may not be interpolated. The DC filter may generate a
prediction block through filtering when the prediction mode
of the current block is a DC mode.

The reconstructed block or picture may be provided to the
filter module 240. The filter module 240 may include the
deblocking filter, the offset correction module, and the ALF.

Information on whether or not the deblocking filter is
applied to the corresponding block or picture and informa-
tion on which of a strong filter and a weak filter is applied
when the deblocking filter is applied may be received from
the device for encoding a video. The deblocking filter of the
device for decoding a video may receive information on the
deblocking filter from the device for encoding a video, and
may perform deblocking filtering on the corresponding
block.

The offset correction module may perform offset correc-
tion on the reconstructed picture based on the type of offset
correction and offset value information applied to a picture
in performing encoding.

The ALF may be applied to the coding unit based on
information on whether to apply the ALF, ALF coeflicient
information, etc. received from the device for encoding a
video. The ALF information may be provided as being
included in a particular parameter set.

The memory 245 may store the reconstructed picture or
block for use as a reference picture or block, and may
provide the reconstructed picture to an output module.

As described above, in the embodiment of the present
invention, for convenience of explanation, the coding unit is
used as a term representing a unit for encoding, but the
coding unit may serve as a unit performing decoding as well
as encoding.

In addition, a current block may represent a target block
to be encoded/decoded. And, the current block may repre-
sent a coding tree block (or a coding tree unit), a coding
block (or a coding unit), a transform block (or a transform
unit), a prediction block (or a prediction unit), or the like
depending on an encoding/decoding step.

A picture may be encoded/decoded by divided into base
blocks having a square shape or a non-square shape. At this
time, the base block may be referred to as a coding tree unit.
The coding tree unit may be defined as a coding unit of the
largest size allowed within a sequence or a slice. Information
regarding whether the coding tree unit has a square shape or
has a non-square shape or information regarding a size of the
coding tree unit may be signaled through a sequence param-
eter set, a picture parameter set, or a slice header. The coding
tree unit may be divided into smaller size partitions. At this
time, if it is assumed that a depth of a partition generated by
dividing the coding tree unit is 1, a depth of a partition
generated by dividing the partition having depth 1 may be
defined as 2. That is, a partition generated by dividing a
partition having a depth k in the coding tree unit may be
defined as having a depth k+1.

A partition of arbitrary size generated by dividing a
coding tree unit may be defined as a coding unit. The coding
unit may be recursively divided or divided into base units for
performing prediction, quantization, transform, or in-loop
filtering, and the like. For example, a partition of arbitrary
size generated by dividing the coding unit may be defined as
a coding unit, or may be defined as a transform unit or a
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prediction unit, which is a base unit for performing predic-
tion, quantization, transform or in-loop filtering and the like.

Partitioning of a coding tree unit or a coding unit may be
performed based on at least one of a vertical line and a
horizontal line. In addition, the number of vertical lines or
horizontal lines partitioning the coding tree unit or the
coding unit may be at least one or more. For example, the
coding tree unit or the coding unit may be divided into two
partitions using one vertical line or one horizontal line, or
the coding tree unit or the coding unit may be divided into
three partitions using two vertical lines or two horizontal
lines. Alternatively, the coding tree unit or the coding unit
may be partitioned into four partitions having a length and
a width of 42 by using one vertical line and one horizontal
line.

When a coding tree unit or a coding unit is divided into
a plurality of partitions using at least one vertical line or at
least one horizontal line, the partitions may have a uniform
size or a different size. Alternatively, any one partition may
have a different size from the remaining partitions.

In the embodiments described below, it is assumed that a
coding tree unit or a coding unit is divided into a quad tree
structure or a binary tree structure. However, it is also
possible to divide a coding tree unit or a coding unit using
a larger number of vertical lines or a larger number of
horizontal lines.

FIG. 3 is a diagram illustrating an example of hierarchi-
cally partitioning a coding block based on a tree structure
according to an embodiment of the present invention.

An input video signal is decoded in predetermined block
units. Such a default unit for decoding the input video signal
is a coding block. The coding block may be a unit perform-
ing intra/inter prediction, transform, and quantization. In
addition, a prediction mode (e.g., intra prediction mode or
inter prediction mode) is determined in a unit of a coding
block, and the prediction blocks included in the coding block
may share the determined prediction mode. The coding
block may be a square or non-square block having an
arbitrary size in a range of 8x8 to 64x64, or may be a square
or non-square block having a size of 128x128, 256x256, or
more.

Specifically, the coding block may be hierarchically par-
titioned based on at least one of a quad tree and a binary tree.
Here, quad tree-based partitioning may mean that a 2Nx2N
coding block is partitioned into four NxN coding blocks, and
binary tree-based partitioning may mean that one coding
block is partitioned into two coding blocks. Even if the
binary tree-based partitioning is performed, a square-shaped
coding block may exist in the lower depth.

Binary tree-based partitioning may be symmetrically or
asymmetrically performed. The coding block partitioned
based on the binary tree may be a square block or a
non-square block, such as a rectangular shape. For example,
a partition type in which the binary tree-based partitioning is
allowed may comprise at least one of a symmetric type of
2NxN (horizontal directional non-square coding unit) or
Nx2N (vertical direction non-square coding unit), asymmet-
ric type of nL.x2N, nRx2N, 2NxnU, or 2NxnD.

Binary tree-based partitioning may be limitedly allowed
to one of a symmetric or an asymmetric type partition. In this
case, constructing the coding tree unit with square blocks
may correspond to quad tree CU partitioning, and construct-
ing the coding tree unit with symmetric non-square blocks
may correspond to binary tree partitioning. Constructing the
coding tree unit with square blocks and symmetric non-
square blocks may correspond to quad and binary tree CU
partitioning.
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Binary tree-based partitioning may be performed on a
coding block where quad tree-based partitioning is no longer
performed. Quad tree-based partitioning may no longer be
performed on the coding block partitioned based on the
binary tree.

Furthermore, partitioning of a lower depth may be deter-
mined depending on a partition type of an upper depth. For
example, if binary tree-based partitioning is allowed in two
or more depths, only the same type as the binary tree
partitioning of the upper depth may be allowed in the lower
depth. For example, if the binary tree-based partitioning in
the upper depth is performed with 2NxN type, the binary
tree-based partitioning in the lower depth is also performed
with 2NxN type. Alternatively, if the binary tree-based
partitioning in the upper depth is performed with Nx2N
type, the binary tree-based partitioning in the lower depth is
also performed with Nx2N type.

On the contrary, it is also possible to allow, in a lower
depth, only a type different from a binary tree partitioning
type of an upper depth.

It may be possible to limit only a specific type of binary
tree based partitioning to be used for sequence, slice, coding
tree unit, or coding unit. As an example, only 2NxN type or
Nx2N type of binary tree-based partitioning may be allowed
for the coding tree unit. An available partition type may be
predefined in an encoder or a decoder. Or information on
available partition type or on unavailable partition type on
may be encoded and then signaled through a bitstream.

FIGS. 5A and 5B are diagrams illustrating an example in
which only a specific type of binary tree-based partitioning
is allowed. FIG. 5A shows an example in which only Nx2N
type of binary tree-based partitioning is allowed, and FIG.
5B shows an example in which only 2NxN type of binary
tree-based partitioning is allowed. In order to implement
adaptive partitioning based on the quad tree or binary tree,
information indicating quad tree-based partitioning, infor-
mation on the size/depth of the coding block that quad
tree-based partitioning is allowed, information indicating
binary tree-based partitioning, information on the size/depth
of the coding block that binary tree-based partitioning is
allowed, information on the size/depth of the coding block
that binary tree-based partitioning is not allowed, informa-
tion on whether binary tree-based partitioning is performed
in a vertical direction or a horizontal direction, etc. may be
used.

In addition, information on the number of times a binary
tree partitioning is allowed, a depth at which the binary tree
partitioning is allowed, or the number of the depths at which
the binary tree partitioning is allowed may be obtained for
a coding tree unit or a specific coding unit. The information
may be encoded in a unit of a coding tree unit or a coding
unit, and may be transmitted to a decoder through a bit-
stream.

For example, a syntax ‘max_binary_depth_idx_minus1’
indicating a maximum depth at which binary tree partition-
ing is allowed may be encoded/decoded through a bitstream.
In this case, max_binary_depth_idx_minus1+1 may indicate
the maximum depth at which the binary tree partitioning is
allowed.

Referring to the example shown in FIG. 6, in FIG. 6, the
binary tree partitioning has been performed for a coding unit
having a depth of 2 and a coding unit having a depth of 3.
Accordingly, at least one of information indicating the
number of times the binary tree partitioning in the coding
tree unit has been performed (i.e., 2 times), information
indicating the maximum depth which the binary tree parti-
tioning has been allowed in the coding tree unit (i.e., depth
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3), or the number of depths in which the binary tree
partitioning has been performed in the coding tree unit (i.e.,
2 (depth 2 and depth 3)) may be encoded/decoded through
a bitstream.

As another example, at least one of information on the
number of times the binary tree partitioning is permitted, the
depth at which the binary tree partitioning is allowed, or the
number of the depths at which the binary tree partitioning is
allowed may be obtained for each sequence or each slice.
For example, the information may be encoded in a unit of a
sequence, a picture, or a slice unit and transmitted through
a bitstream. Accordingly, at least one of the number of the
binary tree partitioning in a first slice, the maximum depth
in which the binary tree partitioning is allowed in the first
slice, or the number of depths in which the binary tree
partitioning is performed in the first slice may be difference
from a second slice. For example, in the first slice, binary
tree partitioning may be permitted for only one depth, while
in the second slice, binary tree partitioning may be permitted
for two depths.

As another example, the number of times the binary tree
partitioning is permitted, the depth at which the binary tree
partitioning is allowed, or the number of depths at which the
binary tree partitioning is allowed may be set differently
according to a time level identifier (TemporallD) of a slice
or a picture. Here, the temporal level identifier (TemporallD)
is used to identify each of a plurality of layers of video
having a scalability of at least one of view, spatial, temporal
or quality.

As shown in FIG. 3, the first coding block 300 with the
partition depth (split depth) of k may be partitioned into
multiple second coding blocks based on the quad tree. For
example, the second coding blocks 310 to 340 may be
square blocks having the half width and the half height of the
first coding block, and the partition depth of the second
coding block may be increased to k+1.

The second coding block 310 with the partition depth of
k+1 may be partitioned into multiple third coding blocks
with the partition depth of k+2. Partitioning of the second
coding block 310 may be performed by selectively using one
of the quad tree and the binary tree depending on a parti-
tioning method. Here, the partitioning method may be
determined based on at least one of the information indi-
cating quad tree-based partitioning and the information
indicating binary tree-based partitioning.

When the second coding block 310 is partitioned based on
the quad tree, the second coding block 310 may be parti-
tioned into four third coding blocks 310a having the half
width and the half height of the second coding block, and the
partition depth of the third coding block 310a may be
increased to k+2. In contrast, when the second coding block
310 is partitioned based on the binary tree, the second
coding block 310 may be partitioned into two third coding
blocks. Here, each of two third coding blocks may be a
non-square block having one of the half width and the half
height of the second coding block, and the partition depth
may be increased to k+2. The second coding block may be
determined as a non-square block of a horizontal direction or
a vertical direction depending on a partitioning direction,
and the partitioning direction may be determined based on
the information on whether binary tree-based partitioning is
performed in a vertical direction or a horizontal direction.

In the meantime, the second coding block 310 may be
determined as a leaf coding block that is no longer parti-
tioned based on the quad tree or the binary tree. In this case,
the leaf coding block may be used as a prediction block or
a transform block.
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Like partitioning of the second coding block 310, the third
coding block 310a may be determined as a leaf coding
block, or may be further partitioned based on the quad tree
or the binary tree.

In the meantime, the third coding block 3105 partitioned
based on the binary tree may be further partitioned into
coding blocks 31056-2 of a vertical direction or coding blocks
3105-3 of a horizontal direction based on the binary tree, and
the partition depth of the relevant coding blocks may be
increased to k+3. Alternatively, the third coding block 3105
may be determined as a leaf coding block 31054-1 that is no
longer partitioned based on the binary tree. In this case, the
coding block 3105-1 may be used as a prediction block or a
transform block. However, the above partitioning process
may be limitedly performed based on at least one of the
information on the size/depth of the coding block that quad
tree-based partitioning is allowed, the information on the
size/depth of the coding block that binary tree-based parti-
tioning is allowed, and the information on the size/depth of
the coding block that binary tree-based partitioning is not
allowed.

A number of a candidate that represent a size of a coding
block may be limited to a predetermined number, or a size
of a coding block in a predetermined unit may have a fixed
value. As an example, the size of the coding block in a
sequence or in a picture may be limited to have 256x256,
128%128, or 32x32. Information indicating the size of the
coding block in the sequence or in the picture may be
signaled through a sequence header or a picture header.

As a result of partitioning based on a quad tree and a
binary tree, a coding unit may be represented as square or
rectangular shape of an arbitrary size.

A coding block is encoded using at least one of a skip
mode, intra prediction, inter prediction, or a skip method.
Once a coding block is determined, a prediction block may
be determined through predictive partitioning of the coding
block. The predictive partitioning of the coding block may
be performed by a partition mode (Part mode) indicating a
partition type of the coding block. A size or a shape of the
prediction block may be determined according to the parti-
tion mode of the coding block. For example, a size of a
prediction block determined according to the partition mode
may be equal to or smaller than a size of a coding block.

FIG. 7 is a diagram illustrating a partition mode that may
be applied to a coding block when the coding block is
encoded by inter prediction.

When a coding block is encoded by inter prediction, one
of 8 partitioning modes may be applied to the coding block,
as in the example shown in FIG. 4.

When a coding block is encoded by intra prediction, a
partiton mode PART_2Nx2N or a partition mode
PART_NxN may be applied to the coding block.

PART_NxN may be applied when a coding block has a
minimum size. Here, the minimum size of the coding block
may be pre-defined in an encoder and a decoder. Or,
information regarding the minimum size of the coding block
may be signaled via a bitstream. For example, the minimum
size of the coding block may be signaled through a slice
header, so that the minimum size of the coding block may be
defined per slice.

In general, a prediction block may have a size from 64x64
to 4x4. However, when a coding block is encoded by inter
prediction, it may be restricted that the prediction block does
not have a 4x4 size in order to reduce memory bandwidth
when performing motion compensation.
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FIG. 8 is a flowchart illustrating an inter prediction
method according to an embodiment of the present inven-
tion.

Referring to FIG. 8, motion information of a current block
is determined S810. The motion information of the current
block may include at least one of a motion vector relating to
the current block, a reference picture index of the current
block, or an inter prediction direction of the current block.

The motion information of the current block may be
obtained based on at least one of information signaled
through a bitstream or motion information of a neighboring
block adjacent to the current block.

FIG. 9 is a diagram illustrating a process of deriving
motion information of a current block when a merge mode
is applied to a current block.

If the merge mode is applied to the current block, a spatial
merge candidate may be derived from a spatial neighboring
block of the current block S910. The spatial neighboring
block may mean at least one of blocks adjacent to a top, a
left, or a corner (e.g., at least one of a top left corner, a top
right corner, or a bottom left corner) of the current block.

Motion information of a spatial merge candidate may be
set to be the same as the motion information of the spatial
neighboring block.

A temporal merge candidate may be derived from a
temporal neighboring block of the current block S920. The
temporal neighboring block may mean a co-located block
included in a collocated picture. The collocated picture has
a picture order count (POC) different from a current picture
including the current block. The collocated picture may be
determined to a picture having a predefined index in a
reference picture list or may be determined by an index
signaled from a bitstream. The temporal neighboring block
may be determined to a block having the same position and
size as the current block in the collocated picture or a block
adjacent to the block having the same position and size as
the current block. For example, at least one of a block
including center coordinates of the block having the same
position and size as the current block in the collocated
picture or a block adjacent to a bottom right boundary of the
block may be determined as the temporal neighboring block.

Motion information of the temporal merge candidate may
be determined based on motion information of the temporal
neighboring block. For example, a motion vector of the
temporal merge candidate may be determined based on a
motion vector of the temporal neighboring block. In addi-
tion, an inter prediction direction of the temporal merge
candidate may be set to be the same as an inter prediction
direction of the temporal neighboring block. However, a
reference picture index of the temporal merge candidate may
have a fixed value. For example, the reference picture index
of the temporal merge candidate may be set to “0’.

Referring to FIGS. 11 to 16, an example of deriving merge
candidates will be described in more detail.

Thereafter, the merge candidate list including the spatial
merge candidate and the temporal merge candidate may be
generated S930. If the number of merge candidates included
in the merge candidate list is smaller than the maximum
number of merge candidates, a combined merge candidate
combining two or more merge candidates or a merge can-
didate have zero motion vector (0, 0) may be included in the
merge candidate list.

When the merge candidate list is generated, at least one of
merge candidates included in the merge candidate list may
be specified based on a merge candidate index S940.

Motion information of the current block may be set to be
the same as motion information of the merge candidate
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specified by the merge candidate index S950. For example,
when the spatial merge candidate is selected by the merge
candidate index, the motion information of the current block
may be set to be the same as the motion information of the
spatial neighboring block. Alternatively, when the temporal
merge candidate is selected by the merge candidate index,
the motion information of the current block may be set to be
the same as the motion information of the temporal neigh-
boring block.

FIG. 10 illustrates a process of deriving motion informa-
tion of a current block when an AMVP mode is applied to
the current block.

When the AMVP mode is applied to the current block, at
least one of an inter prediction direction or a reference
picture index of the current block may be decoded from a
bitstream S1010. That is, when the AMVP mode is applied,
at least one of the inter prediction direction or the reference
picture index of the current block may be determined based
on the encoded information through the bitstream.

A spatial motion vector candidate may be determined
based on a motion vector of a spatial neighboring block of
the current block S1020. The spatial motion vector candidate
may include at least one of a first spatial motion vector
candidate derived from a top neighboring block of the
current block and a second spatial motion vector candidate
derived from a left neighboring block of the current block.
Here, the top neighboring block may include at least one of
blocks adjacent to a top or a top right corner of the current
block, and the left neighboring block of the current block
may include at least one of blocks adjacent to a left or a
bottom left corner of the current block. A block adjacent to
a top left corner of the current block may be treated as the
top neighboring block, or the left neighboring block.

When reference pictures between the current block and
the spatial neighboring block are different, a spatial motion
vector may be obtained by scaling the motion vector of the
spatial neighboring block.

A temporal motion vector candidate may be determined
based on a motion vector of a temporal neighboring block of
the current block S1030. If reference pictures between the
current block and the temporal neighboring block are dif-
ferent, a temporal motion vector may be obtained by scaling
the motion vector of the temporal neighboring block.

A motion vector candidate list including the spatial
motion vector candidate and the temporal motion vector
candidate may be generated S1040.

When the motion vector candidate list is generated, at
least one of the motion vector candidates included in the
motion vector candidate list may be specified based on
information specifying at least one of the motion vector
candidate list S1050.

The motion vector candidate specified by the information
is set as a motion vector prediction value of the current
block. And, a motion vector of the current block is obtained
by adding a motion vector difference value to the motion
vector prediction value 1060. At this time, the motion vector
difference value may be parsed from the bitstream.

When the motion information of the current block is
obtained, motion compensation for the current block may be
performed based on the obtained motion information S820.
More specifically, the motion compensation for the current
block may be performed based on the inter prediction
direction, the reference picture index, and the motion vector
of the current block.

The maximum number of merge candidates that can be
included in the merge candidate list may be signaled through
the bitstream. For example, information indicating the maxi-
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mum number of merge candidates may be signaled through
a sequence parameter or a picture parameter.

The number of spatial merge candidates and temporal
merge candidates that can be included in the merge candi-
date list may be determined according to the maximum
number of merge candidates. Specifically, the number of
spatial merge candidates and the number of temporal merge
candidates may be adjusted so that the total number of the
spatial merge candidates and the temporal merge candidates
does not exceed the maximum number N of merge candi-
dates. For example, when the maximum number of merge
candidates is 5, 4 selected from 5 spatial merge candidates
of'the current block may be added to the merge candidate list
and 1 selected from 2 temporal merge candidates of the
current block may be added to the merge candidate list. The
number of temporal merge candidates may be adjusted
according to the number of spatial merge candidates added
to the merge candidate list, or the number of spatial merge
candidates may be adjusted according to the number of
temporal merge candidates added to the merge candidate
list. If the number of merge candidates added to the merge
candidate list is less than 5, a combined merge candidate
combining at least two merge candidates may be added to
the merge candidate list or a merge candidate having a
motion vector of (0, 0) may be added to the merge candidate
list.

Merge candidates may be added to the merge candidate
list in a predefined order. For example, the merge candidate
list may be generated in the order of the spatial merge
candidate, the temporal merge candidate, the combined
merge candidate, and the merge candidate having a zero
motion vector. It is also possible to define the order to add
the merge candidate different from the enumerated order.

FIG. 11 is a diagram showing a spatial merge candidate of
a current block. The spatial merge candidate of the current
block may be derived from a spatial neighboring block of the
current block. For example, the spatial merge candidate may
include a merge candidate A1 derived from a block adjacent
to a left of the current block, a merge candidate B1 derived
from a block adjacent to a top of the current block, a merge
candidate A0 derived from a block adjacent to a left bottom
of the current block, a merge candidate B0 derived from a
block adjacent to a top right of the current block or a merge
candidate B2 derived from a block adjacent to a top left of
the current block. Spatial merge candidates may be searched
in a predetermined order. For example, a search order of the
spatial merge candidates may be in Al, B1, B0, A0, and B2.
At this time, B2 may be included in the merge candidate list
only when there does not exist a block corresponding to A1,
B1, B0 or A0, or when a block corresponding to Al, B1, B0
or A0 is not available. For example, if a block corresponding
to Al, B1, B0 or A0 is encoded in intra prediction, the block
may be determined as unavailable. Alternatively, if the
number of spatial merge candidates and temporal merge
candidates included in the merge candidate list is less than
or equal to the maximum number of merge candidates, it is
possible to add B2 to the merge candidate list as the next
order of the temporal merge candidate.

In order to derive the temporal merge candidate, a collo-
cated picture (col_pic) may be selected in a reference picture
list. The collocated picture may be a picture in the reference
picture list having a smallest picture order count (POC)
difference with the current picture or a picture specified by
a reference picture index. The temporal merge candidate
may be derived based on a co-located block of the current
block in the collocated block. At this time, reference picture
list information used for specifying the co-located block
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may be encoded in a unit of a block, a slice header, or a
picture and may be transmitted through the bitstream.

FIG. 12 is a diagram showing a co-located block of a
current block. The co-located block indicates a block cor-
responding to a position of the current block in the collo-
cated picture. For example, the co-located block may be
determined as either a block H adjacent to a bottom right of
a block having the same coordinates and size as the current
block in the collocated picture, or a block C3 including a
center position of the block. At this time, the block C3 may
be determined to the co-located block when the position of
the block H is not available, when the block H is encoded by
the intra prediction, or when the block H is located outside
an LCU in which the current block is included.

Alternatively, a block adjacent to one corner of the block
having the same coordinate and size as the current block in
the collocated picture may be determined as the co-located
block, or a block having a coordinate within the block may
be determined as the co-located block. For example, in the
example shown in FIG. 12, a block TL, BL or C0 may be
determined as the co-located blocks.

It is also possible to derive a plurality of temporal merge
candidates for the current block from a plurality of co-
located blocks.

A motion vector of the temporal merge candidate may be
obtained by scaling a motion vector of the co-located block
in the collocated picture. FIG. 13 is a diagram for explaining
an example of obtaining a motion vector of a temporal
merge candidate by scaling a motion vector of a co-located
block. The motion vector of the temporal merge candidate
may be obtained by scaling the motion vector of the co-
located block using at least one of a temporal distance tb
between the current picture and the reference picture of the
current block and the temporal distance td between the
collocated picture and the reference picture of the co-located
block.

A Merge candidate may be derived based on a block
having a predetermined shape or a block having a size equal
to or greater than a predetermined size. Accordingly, if the
current block does not have the predetermined shape or if a
size of the current block is smaller than the predetermined
size, the merge candidate of the current block may be
derived based on the block of the predetermined shape
including the current block or the block of the predetermined
size or larger including the current block. For example, a
merge candidate for a coding unit of a non-square shape may
be derived based on a coding unit of a square shape
including the coding unit of the non-square shape.

FIG. 14 is a diagram showing an example of deriving a
merge candidate of a non-square block on the basis of a
square block.

The Merge candidate for the non-square block may be
derived based on the square block including the non-square
block. For example, in the example shown in FIG. 14, a
merge candidate of a non-square coding block 0 and a
non-square coding block 1 may be derived on the basis of a
square block. Accordingly, the coding block 0 and the
coding block 1 may use at least one of the spatial merge
candidates A0, Al, A2, A3 and A4 derived based on the
square block.

Although it is not shown in the figure, it is also possible
to derive a temporal merge candidate for a non-square block
based on a square block. For example, the coding block 0
and the coding block 1 may use a temporal merge candidate
derived from a temporal neighboring block determined
based on a square block.
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Alternatively, at least one of the spatial merge candidate
and the temporal merge candidate may be derived based on
a square block, and the other may be derived based on a
non-square block. For example, the coding block 0 and the
coding block 1 may use the same spatial merge candidate
derived based on a square block, while the coding block 0
and the coding block 1 may use different temporal merge
candidates each of which are derived by position thereof.

In the above-described example, it is explained that the
merge candidate is derived based on the square block, but it
is also possible to derive the merge candidate based on the
non-square block of the predetermined shape. For example,
if the current block is a non-square block of 2Nxn shape
(where n is 1/2N), the merge candidate for the current block
may be derived based on a non-square block of 2NxN shape,
and if the current block is a non-square block of nx2N shape,
the merge candidate for the current block may be derived
based on a non-square block of Nx2N shape.

Information indicating a shape of a block or a size of a
block which is a basis of deriving a merge candidate may be
signaled through the bitstream. For example, block shape
information indicating a square shape or a non-square shape
may be signaled through the bitstream. Alternatively, the
encoder/decoder may derive a merge candidate in a pre-
defined rule such as a block having a predefined shape or a
block having a size equal to or greater than a predefined size.

In another example, the merge candidate may be derived
based on a quad-tree division unit. Herein, the quad-tree
division unit may represent a block unit which is divided by
a quad-tree. For example, if the current block is divided by
a binary-tree, the merge candidate of the current block may
be derived based on an upper node block which is divided
by a quad-tree. If there are no upper nodes divided by the
quad-tree for the current block, the merge candidate for the
current block may be derived based on an LCU including the
current block or a block of a specific size.

FIG. 15 is a diagram for explaining an example in which
a merge candidate of a binary-tree partitioned block is
derived based on an upper node block.

A binary-tree partitioned block 0 of a non-square shape
and a binary-tree partitioned block 1 of a non-square shape
may use at least one of spatial merge candidates A0, A1, A2,
A3 and A4 derived based on the upper block of the quad tree
unit. Accordingly, the block 0 and the block 1 may use the
same spatial merge candidates.

In addition, a binary-tree partitioned block 2 of a non-
square shape, a binary-tree partitioned block 3 of a non-
square shape, and a binary-tree partitioned block 4 of a
non-square shape may use at least one of B0, B1, B2, B3 and
B4, derived based on the upper block of the quad tree unit.
Thus, the blocks 2, 3 and 4 may use the same spatial merge
candidates.

Although it is not shown in the figure, a temporal merge
candidate for a binary tree partitioned block may also be
derived based on the upper block of quad-tree based.
Accordingly, the block 0 and the block 1 may use the same
temporal merge candidate derived from the temporal neigh-
boring block determined based on the quad-tree block unit.
The block 2, the block 3, and the block 4 may also use the
same temporal merge candidate derived from the temporal
neighboring block determined based on the quad-tree block
unit.

Alternatively, it is also possible to derive at least one of
the spatial merge candidate and the temporal merge candi-
date on the basis of the binary tree block unit and the other
may be derived on the basis of the quad tree block unit. For
example, the block 0 and the block 1 may use the same
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spatial merge candidate derived in based on the quad tree
block unit, but may use different temporal merge candidates
each of which are derived based on a location thereof.

Information indicating whether to derive a merge candi-
date based on a quad-tree partitioned unit or a binary-tree
partitioned unit may be signaled through the bitstream. In
accordance with the information, it may be determined
whether to derive the merge candidate of the binary tree
partitioned block based on the quad-tree partitioned upper
node block. Alternatively, the encoder/decoder may derive
the merge candidate based on the quad tree partitioned unit
or the binary tree partitioned unit, according to predefined
rules.

As described above, the merge candidate for the current
block can be derived in a unit of a block (for example, in a
unit of a coding block or a prediction block) or a predefined
unit. At this time, if any of spatial merge candidates of the
current block is exist in a pre-determined region, it may be
determined to be unavailable and then may be excluded
from the spatial merge candidate. For example, if a parallel
processing region is defined for parallel processing between
blocks, the merge candidate included in the parallel pro-
cessing region among the spatial merge candidates of the
current block may be determined to be unavailable. The
parallel processing region may be referred to as a merge
estimation region (MER). Blocks in the parallel processing
region have the advantage of being able to merge in parallel.

The merge estimation region may have a square shape or
a non-square shape. The merge estimation region of the
non-square shape may be limited to a predetermined shape.
For example, the merge estimation region of the non-square
shape may take a shape of 2NxN or Nx2N.

At least one of information indicating the shape of the
merge estimation region or information indicating the size of
the merge estimation region may be signaled through the
bitstream. For example, information regarding the shape or
the size of the merge estimation region may be signaled
through a slice header, a picture parameter, or a sequence
parameter.

The information indicating the shape of the merge esti-
mation region may be a flag of 1 bit. For example, the syntax
‘isrectagular_mer_flag’ indicating whether the merge esti-
mation region has a square shape or a non-square shape may
be signaled through the bitstream. If a value of isrectagu-
lar_mer_flag is 1, it indicates that the merge estimation
region has a non-square shape, and if a value of isrectagu-
lar_mer_flag is O, it indicates that the merge estimation
region has a square shape.

If the merge estimation region has a non-square shape, at
least one of information related to a width, a height, or a ratio
between the width and the height may be signaled through
the bitstream. Based on the information, the size and/or the
shape of the non-square shaped merge estimation region
may be derived.

FIG. 16 is a diagram illustrating an example of determin-
ing availability of a spatial merge candidate according to a
merge estimation region.

If the merge estimation region has a Nx2N shape, and the
merge estimation region has a predetermined size, spatial
merge candidates B0 and B3 included in the same merge
estimation region as a block 1 cannot be used as the spatial
merge candidates for the block 1. Accordingly, the spatial
merge candidate of the block 1 may be composed of at least
one of B1, B2 and B4 except for the merge candidates B0
and B3.

Likewise, the spatial merge candidate C0 included in the
same merge estimation region as a block 3 cannot be used
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as the spatial merge candidate for the block 3. Accordingly,
the spatial merge candidate of the block 3 may be composed
of at least one of C1, C2, C3 and C4 except for merge
candidate C0.

Above embodiments have been described mainly on
decoding process, but encoding process may be performed
in the same order or in reverse order as described.

FIG. 17 is a flowchart illustrating processes of obtaining
a residual sample according to an embodiment to which the
present invention is applied.

First, a residual coefficient of a current block may be
obtained S1710. A decoder may obtain a residual coeflicient
through a coeflicient scanning method. For example, the
decoder may perform a coefficient scan using a jig-zag scan,
an up-right scan, a vertical scan, or a horizontal scan, and
may obtain residual coefficients in a form of a two-dimen-
sional block.

An inverse quantization may be performed on the residual
coefficient of the current block S1720.

It is possible to determine whether to skip an inverse
transform on the dequantized residual coefficient of the
current block S1730. Specifically, the decoder may deter-
mine whether to skip the inverse transform on at least one of
a horizontal direction or a vertical direction of the current
block. When it is determined to apply the inverse transform
on at least one of the horizontal direction or the vertical
direction of the current block, a residual sample of the
current block may be obtained by inverse transforming the
dequantized residual coefficient of the current block. Here,
the inverse transform can be performed using at least one of
DCT, DST, and KLT.

When the inverse transform is skipped in both the hori-
zontal direction and the vertical direction of the current
block, inverse transform is not performed in the horizontal
direction and the vertical direction of the current block. In
this case, the residual sample of the current block may be
obtained by scaling the dequantized residual coefficient with
a predetermined value.

Skipping the inverse transform on the horizontal direction
means that the inverse transform is not performed on the
horizontal direction but the inverse transform is performed
on the vertical direction. At this time, scaling may be
performed in the horizontal direction.

Skipping the inverse transform on the vertical direction
means that the inverse transform is not performed on the
vertical direction but the inverse transform is performed on
the horizontal direction. At this time, scaling may be per-
formed in the vertical direction.

It may be determined whether or not an inverse transform
skip technique may be used for the current block depending
on a partition type of the current block. For example, if the
current block is generated through a binary tree-based
partitioning, the inverse transform skip scheme may be
restricted for the current block. Accordingly, when the
current block is generated through the binary tree-based
partitioning, the residual sample of the current block may be
obtained by inverse transforming the current block. In
addition, when the current block is generated through binary
tree-based partitioning, encoding/decoding of information
indicating whether or not the inverse transform is skipped
(e.g., transform_skip_flag) may be omitted.

Alternatively, when the current block is generated through
binary tree-based partitioning, it is possible to limit the
inverse transform skip scheme to at least one of the hori-
zontal direction or the vertical direction. Here, the direction
in which the inverse transform skip scheme is limited may
be determined based on information decoded from the
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bitstream, or may be adaptively determined based on at least
one of a size of the current block, a shape of the current
block, or an intra prediction mode of the current block.

For example, when the current block is a non-square
block having a width greater than a height, the inverse
transform skip scheme may be allowed only in the vertical
direction and restricted in the horizontal direction. That is,
when the current block is 2NxN, the inverse transform is
performed in the horizontal direction of the current block,
and the inverse transform may be selectively performed in
the vertical direction.

On the other hand, when the current block is a non-square
block having a height greater than a width, the inverse
transform skip scheme may be allowed only in the horizon-
tal direction and restricted in the vertical direction. That is,
when the current block is Nx2N, the inverse transform is
performed in the vertical direction of the current block, and
the inverse transform may be selectively performed in the
horizontal direction.

In contrast to the above example, when the current block
is a non-square block having a width greater than a height,
the inverse transform skip scheme may be allowed only in
the horizontal direction, and when the current block is a
non-square block having a height greater than a width, the
inverse transform skip scheme may be allowed only in the
vertical direction.

Information indicating whether or not to skip the inverse
transform with respect to the horizontal direction or infor-
mation indicating whether to skip the inverse transformation
with respect to the vertical direction may be signaled
through a bitstream. For example, the information indicating
whether or not to skip the inverse transform on the horizon-
tal direction is a 1-bit flag, ‘hor_transform_skip_flag’, and
information indicating whether to skip the inverse transform
on the vertical direction is a 1-bit flag, ‘ver_transform_
skip_flag’. The encoder may encode at least one of
‘hor_transform_skip_flag® or ‘ver_transform_skip_flag’
according to the shape of the current block. Further, the
decoder may determine whether or not the inverse transform
on the horizontal direction or on the vertical direction is
skipped by using at least one of “hor_transform_skip_flag”
or “ver_transform_skip_flag”.

It may be set to skip the inverse transform for any one
direction of the current block depending on a partition type
of the current block. For example, if the current block is
generated through a binary tree-based partitioning, the
inverse transform on the horizontal direction or vertical
direction may be skipped. That is, if the current block is
generated by binary tree-based partitioning, it may be deter-
mined that the inverse transform for the current block is
skipped on at least one of a horizontal direction or a vertical
direction without encoding/decoding information (e.g.,
transform_skip_flag, hor_transtorm_skip_flag, ver_trans-
form_skip_flag) indicating whether or not the inverse trans-
form of the current block is skipped.

Although the above-described embodiments have been
described on the basis of a series of steps or flowcharts, they
do not limit the time-series order of the invention, and may
be performed simultaneously or in different orders as nec-
essary. Further, each of the components (for example, units,
modules, etc.) constituting the block diagram in the above-
described embodiments may be implemented by a hardware
device or software, and a plurality of components. Or a
plurality of components may be combined and implemented
by a single hardware device or software. The above-de-
scribed embodiments may be implemented in the form of
program instructions that may be executed through various
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computer components and recorded in a computer-readable
recording medium. The computer-readable recording
medium may include one of or combination of program
commands, data files, data structures, and the like. Examples
of computer-readable media include magnetic media such as
hard disks, floppy disks and magnetic tape, optical recording
media such as CD-ROMs and DVDs, magneto-optical
media such as floptical disks, media, and hardware devices
specifically configured to store and execute program instruc-
tions such as ROM, RAM, flash memory, and the like. The
hardware device may be configured to operate as one or
more software modules for performing the process accord-
ing to the present invention, and vice versa.

INDUSTRIAL APPLICABILITY

The present invention may be applied to electronic
devices which is able to encode/decode a video.

The invention claimed is:

1. A method for decoding a video, the method comprising:

determining whether to split a parent node coding block
based on quad-tree partitioning;

determining whether to split the parent node coding block
based on binary-tree partitioning when it is determined
that the parent node coding block is not split based on
the quad-tree partitioning;

splitting the parent node coding block into two non-square
coding blocks by applying horizontal binary-tree par-
titioning or vertical binary-tree partitioning when it is
determined to split the parent node coding block based
on the binary-tree partitioning;

wherein when it is determined to split one of the two
non-square coding blocks into two partitions,

the non-square coding block is split into the two partitions
by applying either the horizontal binary-tree partition-
ing or the vertical binary-tree partitioning,

wherein, in response to the parent node block having a
size of 128x128, when the parent node coding block is
split into the two non-square coding blocks having a
same size based on the horizontal binary-tree partition-
ing, the non-square coding block is not allowed to be
split into the two partitions based on the horizontal
binary-tree partitioning,

wherein, in response to the parent node block having a
size of 128x128, when the parent node coding block is
split into the two non-square coding blocks having a
same size based on the vertical binary-tree partitioning,
the non-square coding block is not allowed to be split
into the two partitions based on the vertical binary-tree
partitioning,

wherein the method further comprises decoding size
information specifying a size of a merge process
region, and

wherein if both of the two partitions are included in the
same merge processing region, one of the two partitions
is not available as a merge candidate for the other of the
two partitions.

2. A method for encoding a video, the method comprising:

determining whether to split a parent node coding block
based on quad-tree partitioning;

determining whether to split the parent node coding block
based on binary-tree partitioning when it is determined
that the parent node coding block is not split based on
the quad-tree partitioning; and

splitting the parent node coding block into two non-
square-coding blocks by applying horizontal binary-
tree partitioning or vertical binary-tree partitioning
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when it is determined to split the parent node coding
block based on the binary-tree partitioning,

wherein when it is determined to split one of the two
non-square coding blocks into two partitions,

the non-square coding block is split into the two partitions
by applying either the horizontal binary-tree partition-
ing or the vertical binary-tree partitioning,

wherein, in response to the parent node block having a
size of 128x128, when the parent node coding block is
split into the two non-square coding blocks having a
same size based on the horizontal binary-tree partition-
ing, the non-square coding block is not allowed to be
split into the two partitions based on the horizontal
binary-tree partitioning,

wherein, in response to the parent node block having a
size of 128x128, when the parent node coding block is
split into the two non-square coding blocks having a
same size based on the vertical binary-tree partitioning,
the non-square coding block is not allowed to be split
into the two partitions based on the vertical binary-tree
partitioning,

wherein the method further comprises determining a size
of a merge processing region, and

wherein if both of the two partitions are included in the
same merge processing region, one of the two partitions
is not available as a merge candidate for the other of the
two partitions.

3. A non-transitory computer-readable medium for storing

data associated with a video signal, comprising:

a data stream stored in the non-transitory computer-
readable medium, the data stream being encoded by an
encoding method which comprising:

determining whether to split a parent node coding block
based on quad-tree partitioning; and
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determining whether to split the parent node coding block
based on binary-tree partitioning when it is determined
that the parent node coding block is not split based on
the quad-tree partitioning; and

splitting the parent node coding block into two non-square
coding blocks by applying horizontal binary-tree par-
titioning or vertical binary-tree partitioning when it is
determined to split the parent node coding block based
on the binary-tree partitioning,

wherein when it is determined to split one of the two
non-square coding blocks into two partitions,

the non-square coding block is split into the two partitions
by applying either the horizontal binary-tree partition-
ing or the vertical binary-tree partitioning,

wherein, in response to the parent node block having a
size of 128x128, when the parent node coding block is
split into the two non-square coding blocks having a
same size based on the horizontal binary-tree partition-
ing, the non-square coding block is not allowed to be
split into the two partitions based on the horizontal
binary-tree partitioning, and

wherein, in response to the parent node block having a
size of 128x128, when the parent node coding block is
split into the two non-square coding blocks having a
same size based on the vertical binary-tree partitioning,
the non-square coding block is not allowed to be split
into the two partitions based on the vertical binary-tree
partitioning,

wherein the method further comprises determining a size
of a merge processing region, and

wherein if both of the two partitions are included in the
same merge processing region, one of the two partitions
is not available as a merge candidate for the other of the
two partitions.



